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METHOD AND APPARATUS TO IMPROVE

CAPACITY AND BATTERY LIFE OF AN AD

HOC NETWORK SYSTEM USING SENSOR
MANAGEMENT

FIELD OF THE INVENTION

The present mnvention relates to utilizing surrounding
information to improve battery life and system capacity of a
wireless communication device 1n a wireless network while
maintaining an ad hoc nature of the wireless network.

BACKGROUND OF THE INVENTION

Short range wireless networks, such as Bluetooth, sufler
from battery life and capacity limitations due to the ad hoc
nature of Bluetooth networks. To centralize the network to
improve these conditions would defeat the ad hoc nature of
the short range system. Therefore, a method to utilize
surrounding mformation to improve battery life and system
(network) capacity, while maintaining the ad hoc nature of
the wireless network, 1s needed.

Sensors are becoming more miniature and will be ubig-
uitous on people and inside objects over the coming years.
The number and type of sensors available 1s expected to be
very large. For example, there will be sensors for sound,
video, direction, gyro, etc. The ubiquity of mimaturized
sensors in conjunction with short range wireless networks
will provide multiple personalized and customized capabili-
ties for the consumer. In addition, these new combinations of
SENsors, sensor processing, sensor management and short
range wireless networks, such as Bluetooth, can be used to
improve on the ad hoc nature of the short range wireless
network.

Thus, i1t 1s desirable to provide a method of using sensors,
coupled with short range wireless networks, to 1mprove
battery life of wireless communication devices 1n a wireless
network and the system capacity of the wireless network.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention that are believed to
be novel are set forth with particularity 1n the appended
claims. However, the invention together with further advan-
tages thereol, may be best understood by reference to the
accompanying drawings wherein:

FI1G. 1 1s a diagram showing a wireless network according,
to the present 1nvention.

FIG. 2A 1s a diagram showing a wireless communication
device incorporating a sensor according to the present
invention.

FIG. 2B 1s a diagram showing a wireless communication
device and a separate sensor according to the present inven-
tion.

FIG. 3 1s a flow chart showing a process by which power
levels are adjusted 1n response to processed sensor informa-
tion according to the present mvention.

FIG. 4 1s a flow chart showing a process by which
capacity of the wireless network 1s improved according to
the present imvention.

(Ll

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

FI1G. 1 1s a diagram showing a wireless network according,
to the present invention. Referring to FIG. 1, wireless
network 2 1s preferably an Ad Hoc network, such as Blue-
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tooth. The Bluetooth network depicted 1n FIG. 1 1s often
referred to as a scatternet type of network operation. It 1s
possible that the network could be a piconet type network
with a single slave or a multiple slave operation.

Within wireless network 2, there 1s at least one master
device 3, which 1s preferably capable of imtiating an action
or requesting a service within wireless network 2. Master
devices 3 control communications between themselves and
slave devices 6. Each master device 3 1s capable of com-
municating with slave devices 6 and each slave device 6 1s
capable of communicating with another slave device 6
through master devices 3. This 1s known as peer-to-peer
communication.

Master devices 3 and slave devices 6 are preferably
short-range wireless communication devices, such as per-
sonal digital assistants, cellular phones, digital wallets, efc.
Master devices 3 and slave devices 6 need not necessarily be
the same type of device, 1.e., personal digital assistants, as
long as they are all Bluetooth enabled devices. These
communication devices could also be wire-line communi-
cation devices according to an embodiment of the present
invention.

As seen 1n FIG. 1, optionally a central controller 4 may be
included i wireless network 2. Central controller 4 1s
preferably capable of communicating with a master device
3, as shown 1n FIG. 1, and may serve to centralize wireless
network 2 and allocate bandwidth amongst the various
communication devices within wireless network 2. Central
controller 4 1s a fixed piece of equipment such as a personal
computer having the hardware and software necessary to
control wireless network 2. The structure of central control-
ler 4 1s well known 1n the art and, thus, a detailed explanation
will be omitted herein.

FIG. 2A 1s a diagram showing a wireless communication
device which 1icorporates a sensor according to the present
invention. The wireless communication device may be a
master device or a slave device. Referring to FIG. 2A,
wireless communication device 10 may contain a sensor 12
or a plurality of sensors, each having a different function.
Sensor 12 may be a motion sensor, a light sensor, a crowd
Sensor, a range sensor, an inertial sensor, an accelerometer
sensor on a sound sensor or any other type sensor which
measures conditions around itself. The information collected
by sensor 12 1s preferably processed by wireless communi-
cation device 10. Such a processor 1s well known 1n the art
and, thus, a detailed description of 1ts structure will be
omitted.

If more than one sensor 12 1s incorporated within wireless
communication device 10, all sensor information can be
combined and processed by wireless communication device
10. Wireless communication device 10 may have a display
(not shown) which may enable a user of the device to select
different sensor options or manipulate the operation of
wireless communication device 10. According to an embodi-
ment, wireless communication device 10, which incorpo-
rates sensor 12, may be a device having only the necessary
structure to take sensor measurements and transmit such
measurements to another device, such as a slave device 6 or
a master device 3, which are depicted 1in FIG. 1.

As an example of an embodiment of the present invention,
sensor 12 can be a motion sensor which may be used to place
wireless communication device 10, or any other device, such
as master device 3 or slave device 6, into a stand-by mode.
Stand-by mode can have any power configuration which
would allow the respective device to reduce its power
consumption by supplying power to only those systems
which are necessary to receive an initial communication,




US 7,239,896 Bl

3

such as receiving a page notification, for example. Such a
stand-by mode 1s intended to save battery power of its
respective device. If the motion sensor detects that wireless
communication device 1s moving, 1t may place the device
into stand-by mode based on the assumption that a commu-
nication operation 1s currently underway, for example.

Sensor 12 also may be capable of determining a position
or orientation of wireless communication device 10. In this
case, typically, 11 1t 1s determined by sensor 12 that wireless
communication device 10 1s 1n an active position, perhaps
horizontal with respect to earth, which would be predefined
according to the type of device, 1.e., cellular telephone,
pager, PDA, etc., wireless communication device 10 would
use this sensor added information, once processed by wire-
less communication device 10, to change the power status
from stand-by status to an active status. However, if sensor
12 detects that wireless communication device 10 1s in an
inactive position, perhaps attached to the user’s belt and 1n
a vertical position with respect to earth, for example, this
sensor added information could be used by wireless com-
munication device 10 to place the device into stand-by
mode, thus reducing the overall power consumption of the
device.

FIG. 2B 1s a diagram showing a wireless communication
device which has no integrated sensor according to the
present mvention. Referring to FIG. 2B, sensor 12 may be
a stand-alone sensor or may be integrated into another
wireless communication device 10, as shown in FIG. 2A,
which may be a master 3 or a slave 6 (see FIG. 1). It 1s
possible that sensor 12 1s a fixed sensor or a mobile sensor,
perhaps embedded within a wall or a diaper, for example,
and has the capability to transmit the sensed imnformation to
wireless communication device 10, which again could be a
master device 3 or a slave device 6, or to central controller
4. According to this embodiment, sensor 12 1s preferably
capable of wirelessly communicating with a communication
device, such as wireless communication device 10, for
example. This could be accomplished by coupling sensor 12
to a Bluetooth enabled device (not shown), which would
enable sensor 12 to communicate sensor information to
other devices.

According to this embodiment, for example, sensor 12
could be a moisture sensor, perhaps located 1n a diaper,
which upon detecting a predetermined moisture threshold,
would output a trigger to the Bluetooth enabled device. In
this case, for example, the Bluetooth enabled device would
operate 1n a default stand-by power mode until the prede-
termined moisture threshold was reached. Thereatter, the
Bluetooth enabled device, such as wireless communication
device 10, would pretferably change from the default stand-
by power mode to an active power mode where communi-
cations are functional and the device transmits a pre-defined
message to a pre-defined destination. For example, upon
detecting the moisture threshold, wireless communication
10 would preferably go from stand-by power mode to active
power mode. The communication device would then pret-
erably send a message to a predetermined destination, such
as another communication device, indicating that the diaper
needs changing. In this example, sensor 12 could also detect
battery (not shown) power levels to trigger an output to the
Bluetooth enabled device which would cause the Bluetooth
enabled device to send a message to the other communica-
tion device indicating that the battery level 1s low, for
example, and perhaps needs to be changed or charged. While
this 1s one example of a condition which would trigger a
power-up operation and the transmission of a predetermined

10

15

20

25

30

35

40

45

50

55

60

65

4

message to a predetermined destination, 1t should be under-
stood that any trigger could be used to perform such an
operation.

Sensor 12 could be powered by any known power source
(not shown), including for example, a small button cell. It
should be understood that sensor 12 1s not limited to taking
only one type of measurement and may be a “smart” sensor,
which 1s capable of multiple types of measurements, difler-
ent trigger levels or methods and programmable measure-
ment intervals, for example.

In addition, sensor 12 may be equipped or coupled to any
type of communication device such that measurements or
information from sensor 12 can be transmitted or output to
the device for processing and use by the device or any other
device within wireless network 2.

According to an embodiment of the present invention,
sensor information gathered by sensor 12 and transmitted to
wireless communication device 10, for example, may be
shared with other devices, such as masters 3 and slaves 6 1n
wireless network 2. In addition, there may be multiple
sensors which can communicate with masters 3 and slaves
6, regardless of whether the sensors are incorporated into
any particular device. Thus, all devices within the network
can share processed sensor mnformation from sensor(s) 12.
Optionally, the sensor information gathered from sensor 12
can be processed by controller 4 to optimize network
operations, such as capacity and device allocation schemes.
The sensed information can be made available to all devices
through central controller 4. For example, if sensor 12
transmits measurements to a slave, and that slave processes
the sensor mformation and determines from the processed
sensor information that sensor 1s in a crowded area, this
information could be transmitted to one or more masters,
which could then adjust the network configuration and
perhaps shift one or more slaves to a diflerent master, 1.¢.,
readjust device allocation, which could, perhaps, be 1n a less
crowded area. This improves the overall system capacity of
wireless network 2.

If more than one sensor 1s coupled (not shown) through a
wireless communication device, that device can use learning,
functions, through software which 1s known 1n the art, to
determine a pattern match of usage. For example, the
wireless communication device could learn that when cer-
tain sensor inputs are received, the user of the device 1s 1n
a busy area, such as an airport, for example. Then, more
power could be employed 1n the wireless communication
device to overcome signal attenuation and fading due to the
crowd. A service discovery protocol could be used to
improve the sensor information and processing. Service
discovery could be used, for example, to add more sensors
either for the user’s communication device or from any other
user’s communication device or to look for certain fixed
position sensors mmformation. For example, a wireless com-
munication device could service discover a fixed device with
sensors which can supplement ad hoc decision making for
battery and capacity settings. In this case, the fixed device
could act as the master.

Information processed by a wireless communication
device from coupled sensors could be transmitted to central
controller 4 1n another embodiment of the present invention.
Central controller 4 would then use the sensor information
processed by the wireless communication device to draw a
population distribution for the area covered by the wireless
network 2. Bandwidth can thus be allocated amongst the
master cells 1n accordance with this information. It 1s also
possible that more than one wireless communication device
from more than one master cell could transmit such sensor
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information to central controller 4 to determine population
distribution within wireless network 2 to adjust system
capacity and allocate bandwidth as appropriate.

In addition, coupled sensor information could be used to
determine environment limitations, such as described above,
and use master cell segmentation to improve the capacity of
the network. In this embodiment, coupled sensor informa-
tion which matched a usage pattern corresponding to a
crowded area, for example, could be transmitted to the
master. Then the master could segment some of the other
slaves 1n that master cell to another master cell or create a
new master cell to take on more slaves. This also improves
the capacity of the wireless network.

FIG. 3 1s a flow chart showing a process by which power
levels are adjusted 1n response to processed sensor informa-
tion according to the present invention. Referring to FIG. 3,
at operation 20 where information from at least one sensor,
either incorporated into a communication device or provided
separately or both, 1s gathered by the communication device.

The information is then processed by the device 1n operation
22. As stated above, this processed sensor information can
be shared with other communication devices, either fixed or
mobile.

From operation 22, the process moves to operation 24,
where the communication device, or any of the other devices
with which the communication device shared the processed
sensor information, determines whether the processed sen-
sor information matches a stored usage pattern, for example,
one which indicates that the sensor(s) 1s/are located 1n a
crowded area.

If the processed sensor information does not match a
stored usage pattern, the process moves from operation 24 to
operation 20, where more mformation 1s gathered from the
sensor(s) by the communication device.

However, 11 the processed sensor information does match
a stored usage pattern, the process moves from operation 24
to operation 26, where the power level of the communication
device, or any of the other devices within the wireless
network, can be adjusted to compensate accordingly. It
should be understood that if the communication device
shares the processed sensor information with another device,
either fixed or mobile, this processed sensor information
could be used by the other device to create new information,
perhaps corresponding to separately sensed conditions,
which would be shared with the communication device and
used to adjust certain parameters of the communication
device, such as the power level, for example.

FIG. 4 1s a flow chart showing a process by which
capacity of the wireless network 1s improved according to
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the present invention. Referring to FIG. 4, operations 30-32
correspond to operations 20-22 as described 1n conjunction
with FIG. 3. Thus, an explanation of these operations will
not be repeated.

From operation 32 the process moves to operation 34,
where the communication device determines whether the
sensor information indicates that the communication device,
or the other devices sharing the sensor information, are
located 1n a crowded area.

If the processed sensor information does not indicate a
crowded area, the process moves to operation 30, where
sensor information 1s gathered.

However, 1f the sensor information indicates a crowded
area, the process moves to operation 36, where the commu-
nication device or devices which received or processed the
sensor mnformation preferably alert the master device that
another master device needs to be added to the network or
that certain users (communication devices) need to be
moved to an alternate master, for example.

It will be apparent to those skilled 1n the art that the
disclosed invention may be modified 1n numerous ways and
may assume many embodiments other than the preferred
forms specifically set out and described above. Accordingly,
it 1s 1mntended by the appended claims to cover all modifi-
cations of the invention which fall within the true spirit and
scope of the invention.

What 1s claimed 1s:

1. A method of improving battery life of a wireless
communication device, comprising:

sensing environmental conditions within a predetermined
distance of the wireless communication device with a
plurality of coupled sensors, each sensor of the plural-
ity ol sensors being selected from the group consisting
of a crowd sensor, a range sensor, a moisture sensor and
a sound sensor;

determining a usage pattern match based on the sensed
environmental conditions; and

adjusting a power consumption level of the wireless
communication device in accordance with the usage
pattern match, wherein the wireless communication
device switches from a stand-by power mode to an
active mode when the sensed environmental conditions
satisty a predetermined condition and automatically
transmits a predetermined message to a predetermined
device aiter the predetermined condition 1s satisfied.
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